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Communicated by J . W. Cook, F -R
The presence of 3 :4-benzpyrene can be detected in dilutions of the order of 1 in 100 million, by means of the photodynamic action on Paramoecium (Mottram and Doniach 1939; Doniach 1939) . Moreover, this photodynamic action is little altered by the presence of other substances; the method therefore is very suitable for its detection in the tissues of animals which have been either painted or inoculated with benzpyrene.
The procedure adopted was to take about 50 mg. of tissue, mince it, spread it on a glass slide, dry it over phosphorus pentoxide at reduced pressure, weigh the dry powder and add redistilled acetone, \ c.c./lO mg. of dried tissue: this was then boiled for 2 min. by immersion in hot w ater; the acetone was then poured off and water added to the acetone extract, 0-5 c.c./lO mg. of tissue taken; the acetone was next boiled off at reduced pressure, and any loss of water made up.
Thus was obtained a watery emulsion of the lipoids of the tissue with any benzpyrene which might be present. The final dilution was equivalent to 1 in 50 of the dried tissue.
The photodynamic activity of the emulsion was tested by adding an equal volume of a culture of Paramoecium, thus making the dilution 1 in 100, placing a few drops in a well slide and exposing to a mercury vapour lamp, under standard conditions as previously described (Mottram and Doniach 1939) . Control cultures were kept in the dark for 2 hr. so as to exclude any toxic action on the Paramoecium. In only two cases was a toxic action found, and these were excluded.
The photodynamic activity is measured by the time taken to kill the Paramoecium under the light. If the Param are not exposure, the extract of the tissues was considered to be without photo dynamic activity.
The tissues of ten normal white mice (Bagg strain) and of ten mixed coloured mice (mixed strain) were examined, all with negative results.
In the case of mice painted or inoculated with benzpyrene, negative results were obtained with the following tissues: heart, muscle, thymus, brain, spleen, kidney, submaxillary gland, skin (other than the painted skin), fat (other than fat close to the inoculated benzpyrene), testes, uterus; the pancreas and the intestines gave rise to toxic emulsions.
In contrast to this, positive findings were obtained in the case of four tissues: the painted skin, the inoculated subcutaneous tissue, liver and lungs.
In the case of the painted skin, positive results were obtained after repeated washing and scrubbing of the surface with benzene in an attem pt to remove any benzpyrene which lay on the surface; also positive results were obtained for as long as a month after painting had stopped; longer periods were not tried.
In the case of the liver and lung, the results obtained are given in detail in tables 1 and 2, dealing with painted mice, and with inoculated mice.
The painted mice were painted on the mid-scapular region over a length of skin of about \ in., twice a week with a 0-5 % solution of 3 :4-benzpyrene in benzene. About 0-015 c.c. was the amount applied at each painting; the inoculated mice received 1 mg. of benzpyrene in 0-5 c.c. of olive oil into each flank; the mice used were of two strains, a white Bagg strain and a strain of mixed coloured mice. Referring to the table, it is seen th at in about one-third of the white mice (eleven out of thirty-six) and in about one-fifth of the coloured mice (seven out of thirty-six) the presence of photodynamic material was found in the lungs. The livers were found to be active in about one-third of the white mice (thirteen out of thirty-eight) and in about half the coloured mice (twenty-one out of thirty-seven). The figures are too small to make any further analysis.
D iscussion
Many investigators have observed the production of pulmonary tumours in mice which had been painted or inoculated with blastogenic hydro carbons. These lung tumours especially occur in strains of mice which have a tendency to their spontaneous occurrence. Andervont has shown in a series of papers (1937, 1938, 1939) th at the susceptibility of the lung to tumour formation following the injection of 1 :2 :5 :6-dibenzanthracene is inherited in a dominant manner. Andervont (1938) has also described the production of liver tumours in mice injected intravenously or sub cutaneously with serum dispersions of 1:2:5 :6-dibenzanthracene and with lard solution injected subcutaneously. In these experiments both lung and liver tumours occurred in mice which had no tendency to exhibit spontaneous lung tumours. In his last paper on induced pulmonary tumours (1939), the dominant nature of the inheritance does not hold, since hybrids were more susceptible than either of the parent strains. 1 gives th e num ber of days th e anim al h ad been painted a t the tim e when it was killed an d its tissues taken. The second colum n gives th e num ber of days after th e last p ainting th a t th e anim al was killed. Columns under lung and liver give th e tim e in m inutes required to kill th e Paramoecium exposed to the light. The columns in tab le 2 are like th e first, th ird and fourth of table 1. The expression " N il" m eans th a t th e specim en was exposed to th e light for an hour w ithout killing th e Paramoecium.
I t is evident th at both lung and liver tumours are induced in mice treated with blastogenic hydrocarbons applied at distant sites. I am not aware th at such treatm ent results in tumours in other tissues distant from the site of application. One might therefore expect to find evidence of the presence of these hydrocarbons only in the lungs and liver: at any rate, this was the case, since only in these two tissues was a photodynamic substance detected. If this had been found with painted mice alone, the possibility of the animal having either breathed or swallowed the hydro carbon could not be excluded, but it occurred also with inoculated mice. From this, one must conclude that the 3 :4-benzpyrene does not remain localized at the site of inoculation (it appears in the urine in a modified form (Mottram 1939) ), that it is able to pass to the liver and lung and to become localized there in higher concentration than in most other tissues, and there to determine the occurrence of tumours. 
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Perhaps susceptibility to lung tumours means a greater tendency to localization; it is to be noted th at in the present series of mice positive results in the case of the lungs occurred with the white mice in one-third of the cases and in the coloured mice in one-fifth; also it is known th at the white mice (Bagg strain) are more prone to lung tumours than ordinary mixed coloured mice.
Conclusions
1.
The tissues of mice painted and inoculated with 3 :4-benzpyrene were examined for the presence of photodynamic substances.
2. The presence of photodynamic substance was used as a measure of the presence of benzpyrene.
3. All the tissues of normal mice and most of the tissues of the treated mice showed no photodynamic activity.
4. Of the treated mice, the liver and lung alone showed photodynamic activity, apart from the tissues at the site of application of the hydrocarbon.
5. The high occurrence of lung and liver tumours in treated mice seems therefore to be due to a local concentration of the blastogenic hydrocarbons in these two tissues.
6. Susceptibility to lung tumours in treated mice might therefore be due to a special tendency for the hydrocarbons to accumulate in the lungs.
This research was carried out under a grant from the British Empire Cancer Campaign.
Summary
The photodynamic action of 3 :4-benzpyrene on Paramoecium occurs in dilutions of the order of one part in a hundred million. By this means its presence has been looked for in the tissues of mice either painted or inoculated with this hydrocarbon. Apart from the site of its application it was found to be present only in the liver and the lungs. It is noteworthy th a t these are the only two sites apart from its place of application where tumours have been observed to occur in mice treated with carcinogenic agents. It appears therefore th a t the reason why tumours occur in the liver and the lungs is because the hydrocarbon accumulates in these two tissues.
